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Abstract—The increasing integration of Renewable Energy 
Resources (RER) and the role of Electric Energy Storage (EES) 
in distribution systems has created interest in using energy 
management strategies. EES has become a suitable resource to 
manage energy consumption and generation in smart grid. 
Optimize scheduling of EES can also maximize retailer’s profit 
by introducing energy time-shift opportunities. This paper 
proposes a new strategy for scheduling EES in order to reduce 
the impact of electricity market price and load uncertainty on 
retailers’ profit. The proposed strategy optimizes the cost of 
purchasing energy with the objective of minimizing surplus 
energy cost in hedging contract. A case study is provided to 
demonstrate the impact of the proposed strategy on retailers’ 
financial benefit. 
Index Terms--Electric Energy storage, Energy costs, 
Optimization, Renewable energy resource. 
I. INTRODUCTION 
The integration of RER and EES in distribution systems 
has produced a lot of interest in solutions to postpone the 
costly network upgrade by managing energy sources and 
electricity storage in smart grid. The main advantage of energy 
storage includes electric energy time-shift, frequency 
regulation and transmission congestion relief [1]. On the other 
hand, EES management strategy can reduce price risk in the 
spot market. The Australian National Electricity Market 
(NEM) is an energy only, gross pool market, meaning that all 
energy is traded through a central clearing mechanism. A 
market clearing price is calculated for each half hour trading 
interval, based on the bids and offers of generators and 
consumers[2]. Retailers and market customers purchase their 
power from the spot pool market in their relevant region and 
pay the spot market price to AEMO (Australian Energy 
Market Operator)[3].  
 Electricity prices in the spot market are highly variable. 
The price, which usually sits between $0 and $100 per 
megawatt hour(MWh), can suddenly rise to the maximum spot 
price ($13500/MWh  in 2014/15) or fall to the price floor ($-
1000/MWh), depending on market conditions[2]. The former 
is required because it can be costly to turn a generator off, so 
that a generator may want to guarantee dispatch by bidding at 
negative prices[4]. Such price fluctuations potentially expose 
both retailers and generators to significant risk. These two 
parties can agree to a hedging contract that will effectively set 
the price in advance. This type of contract allows a retailer and 
a generator to deal in advance for a given quantity of 
electricity. In practice, the load quantity in the contract is 
estimated based on forecasted load and other available electric 
energy resources in the system. However, load uncertainty still 
causes risks for both sides of the contract. Smart grid 
communication facilities and EES flexible operation together 
provide the  possibility of implementing scheduling strategies 
to manage energy transaction and delivery while optimizing 
cost of energy purchased to reduce the retailers’ risk[5].  
Research has been conducted in the area of managing 
energy resources including both generation and storage 
facilities for various objectives. Authors in [6] have focused 
on the reliability improvement of the bulk power system 
brought by the utilization of energy storage in the local 
distribution system integrated with renewable energy 
generation. A Model Predictive Control based operation 
strategy for energy storage considering renewable energy 
integration has been presented in this work, and then a frame 
work for reliability assessment based on Monte Carlo 
simulation has been proposed, where wind turbine generated 
energy, load, and price for a 24-hour period has been predicted 
using forecast models. The authors’ assumptions are that a 
load aggregator purchases electric energy to serve its 
customers with reliable power supply while minimizing the 
purchased energy cost, and the energy price is assumed to be 
determined by the market as in [6]. In [7]a scheduling strategy 
for a load aggregator with EES has been proposed to manage 
electricity cost for day-ahead and in real-time power market, 
considering load and price uncertainties. Different levels of 
load and price uncertainties have been studied in this 
reference; however, impact of renewable energy resources on 
the scheduling progress and total cost have not been evaluated.  
The occurrence of spikes in the spot electricity price 
represents a major source of risk for retailers[8], hence 
managing this risk has significant impact on retailers benefit. 
This paper proposes a technique in managing available 
electricity resources in order to reduce the impact of load and 
price uncertainty on retailer’s profit. The increasing 
contributions of EES and RER give more flexibility in energy 
management of smart grid, which should offer an optimal 
utilization with respect to imported energy from utility.  
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reduces this risk by considering margins for EES state of 
charge in each period. The electricity price and purchased 
energy are based on forecasted values. In the presence of a 
hedging contract between the retailer and generator, the extra 
cost of energy to be paid by sides of contract will be updated 
after N periods of k to k+N by using the following equation. 
)(.))()(( isP
Nk
ki
ihUiUC p ∑
+
=
−=  (1) 
Where: 
Cp: Total cost to be paid by aggregator ($) 
U(i): Total purchased energy at period i (kWh) 
Uh(i): Agreed purchased energy at period i (kWh) 
Ps(i): Spot pool price of period i ($/kWh) 
If Cp is negative it means that pool market will pay 
aggregator. The EES in this paper modeled as its State of 
Charge (SOC), charge, and discharge in each period of time. 
SOC at the end of period i can be calculated as follow [10]. 
)()(.)1()( iDiiChciSOCiSOC −+−= η  (2) 
Where: 
cη : Charging efficiency 
Ch: Electric energy charged to EES (kWh) 
Di: Electric energy discharged from EES (kWh) 
The total electric energy purchased by retailer at each 
period can be defined as follow. 
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Where: 
L: Total load demand (kWh) 
PV: Total generated RER (PV) energy (kWh) 
dη : Discharging efficiency 
The objective function for total cost optimization is: 
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and PV generation. All variables should be within their 
operation limits: 
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Methods have been developed for load, price, and PV 
output forecasting [11-19]. These approaches can be used to 
obtain load demand, PV available energy and energy price for 
variety of applications. As forecasting methods are not the 
main focus of this paper, it is assumed that the forecasted data 
is given.  
The basic procedure of the proposed method is that; a cost 
optimization problem determining the EES operation for the 
next 24 hours (24 periods) is solved in advance. The predicted 
energy price is divided into four price bands between 
minimum to maximum for that day. The proposed strategy 
will optimize the cost of purchased energy by scheduling EES 
charge and discharge. Optimization is based on electricity 
price, available PV generation and load consumption in the 
next period (hourly periods are considered). The scheduling 
strategy will determine whether to charge or discharge the 
EES, import or export power from utility. The optimization 
result then will be implemented to the system before the start 
of the next period. After applying this step, the system updates 
actual state for the first period based on real data. Then the 
procedure is repeated to solve the optimization problem for 
the next periods ahead. The steps of the proposed control 
strategy can be defined as follows: 
1) Obtain the predicted load, price and available PV 
energy for the periods ahead. 
2) Assign the load demand: 
a) Load greater that 80% of peak value 
b) Load between 80% of peak value and mean value 
c) Load less than mean value  
3)  Select one of three following choices for PV 
generation: 
d) PV energy less than load 
e) PV energy greater than load  
f) PV energy equal to zero 
4) Allocate the price of electricity from available choices 
among  the five following limits, based on forecasted 
electricity price: 
g) Minimum price 
h) Lower shoulder 
i) Mean price 
j) Upper shoulder 
k) Maximum price 
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Figure 4.   Total 24 hours actual and predicted load 
TABLE I.  EES PARAMETER
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